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(57) Abstract 

The invention relates to a process for the production of inherently light- and heat-stabilized polyamides, in which polymerisation 
and polycondensation take place in the presence of at least one tri-acctonc diamine compound of formula (I), wherein R is hydrogen or 
hydrocarbon groups with 1-20 carbon atoms, preferably alkyl groups with 1-18 carbon atoms, or. a benzyl group. 

(57) Zusammenfassung '**'■.. •'•■".'•..*-. 

Die Erfindung betrifft ein Verfahren zur Herstellung von inharent licht- und hitzestabilisierten Polyamiden, wobei die Polymerisation 
bzw. Polykondensation in Gegenwart von mindestens einer Triacetondramin-Verbindung der Formel (I) durchgefuhrt wird, wobei R 
Wasserstoff oder Kohlenwasserstoffreste mit 1 bis 20 C-Atomcn, bevorzugt Alkylgruppen mit 1 bis 18 C-Atomen, oder eine Benzylgruppe 
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Inherently light- and heat-stabilized polyandries 

The present invention relates to improved polyamides. More particularly, the 
present invention relates to inherently light- and heat-stabilized polyamides. 
The present invention further relates to a process for preparing these polya 
mides and to their use. 

The heat stability of polyamides, including nylon 6 and nylon 66, Is Insuffi- 
cient for some applications. For instance, coloration problems can arise as 
a result of chemical changes (oxidative/thermal damage) to the polymer du- 
ring carpet yarn or textile fabric heat setting. Both continuous filaments and 
staple fibers may be affected. It is known to add stabilizers to the polyami- 
de to improve these properties. Such an addition can take place before, 
during or after the polymerization, for example during the processing The 
customary known stabilizers are mixed imo the polymer and are not bonded 
lo the polymer chain. During processing or use they can migrate, evaporate 
or wash out of the polymer more or less readily, so that the effectiveness 
of the stabilization decreases in an undesirable manner and the surroundings 
(air. dyebath) may become contaminated. 

DE-A-20 40 975, Sankyo Co. Ltd., describes the stabilization of synthetic 
polymers, including polyamides. with 4-aroinopiperidinc derivatives. Among 
the multiplicity of 4-aminopiperidine derivatives disclosed therein is 4-amino- 
2,2,6,6-tetramcthylpiperidine (cf. No. 32 on page 8 of the document). How- 
ever, this piperidine derivative is neither particularly singled out nor used 
in any Example. According to this reference, die 4-aminopiperidine derivati- 
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ves arc mixed with the ready-prepared polymer without becoming attached 
to the polymer chain. 

DE-C-39 32 912, Sandor, concerns polyamides wnUining radicals with ste- 
rically hindered amino groups, especially 2,2,6,6-teu™ethyl-4-piperidyl ra- 
dicals, incorporated in the molecule. The number of radicals is from J to 
200 per polyamide molecule on average. According to this reference, these 
polyamides are useful, inter alia, for improving the dyeability of polyamides 
and as light stabilizers for plastics; they are to be incorporated in amounts 
of 1-10% by weight, particularly in the melt. 

A paper in Poly. Deg. and Stab. 21, 251-262 (1988), states that the light 
stability of nylon 66 is improved on addition of 2.2,6,6-tetramethyl-4-pl P efi- 
dinol (TMP). The authors assume (see p. 259) that the TMP has reacted 
with the carboxyl end groups of the polyamide during a melt postcondensa- 
tion of the TMP-uicluding nylon 66 at 275«C under a water vapor atmo- 
sphere. But, they say, there are signs of (undesirable) crosslinking during 
the later stages of irradiation. 

It is known to use amines or mono- and dicarboxylic acids as chain regula- 
tors in the polymerization of polyamides, and monocarboxylic acids are very 
predominantly used for this purpose in practice. 

It is an object of the present invention to provide inherently light- and heat- 
stabilized polyamides and processes for preparing them. 

We have found that this object is achieved when a triacetonedlaminc com- 
pound of the formula 
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where R is hydrogen (4-amino-2,2,6.6-tetramethylpiperidine) or hydrocarbyl 
having from I to 20 carbon atoms, preferably alkyl (4-amino-l -alky 1-2,2,6,6- 
tetnunethylpiperidine) having from 1 to 18 carbon atoms, or benzyl, \s ad- 
ded before or in the course of the polymerization of the polyamides. 

The present invention accordingly provides a process for preparing polyami- 
des, which comprises effecting the polymerization of starting monomers in 
the presence of at least one triacetonediamine compound of the formula 

1 




R 



where R is hydrogen or hydrocarbyl having from 1 to 20 carbon atoms, 
preferably alkyl having from 1 to 18 carbon atoms, or benzyl. Preferred 
embodiments of the process of this invention are described in subclaims. 
The present invention further provides an inherently light- and heat-stabilized 
pofyamide containing an amine radical of the formula 
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] N CH, 
R 

where R is as defined above, chemically bonded to the polymer chain Pre- 
ferred polyamides of this invention are defined in corresponding subclaims. 

The triacetonediamine compound is added to the starting monomers or the 
polymerizing reaction mixture and becomes bonded to the end of the poly- 
mer chain through reaction of its primary amino group with the starting 
monomers or with the carboxyl groups of the po.yamide being formed The 
secondary amino group of the triacetonediamine compound does not react 
because of steric hindrance. Thus, the triacetonediamine compound also acts 
as a chain regulator. 

Tie chemical bonding of the triacetonediamine compound to the polymer 
chain of the polyamide results in inherendy stabilized polyamides being 
obtained. The process of this invention thus offers the advantage of obvia- 
ting the otherwise necessary separate step of mixing a stabilizer into the 
polyam.de. This eliminates problems or quality reductions as can arise on 
mcorporation of a stabilizer following surface app.ication to the polyamide 
granules as a result of incompatibility, viscosity degradation, migration 
vaporization or washoff of the stabilizer or a rwofo.d stress as with com- 
pounding, for example. The use of the triacetonediamine compound in the 
process of this invention protects the polyamides against damage by the ac- 
tion of heat and thermal oxidation in processing and use. 
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The polymerization of the starting monomers in the presence of the triaceto- 
nediamine compound is preferably carried out according to customary pro- 
cesses, For instance, the polymerization of caprolactam in the presence of 
triacetonediamine (R = H) can be carried out for example according to the 
continuous processes described in DE 14 95 198 and DE 25 58 480. The 
polymerization of 66 salt in the presence of triacetonediamine can be carried 
out by the customary batchwise process (sec: Polymerization Processes 
p. 424^67, especially p. 444-446, Intersclence, New York. 1977) or by a 
continuous process, for example as described in EP 129 196. In principle, 
the triacetonediamine compound and the starting monomers can be introdu- 
ced into the reactor separately or as a mixture. The triacetonediamine com- 
pound is preferably added according to a predetermined amount/time pro- 
gram. 

In a preferred embodiment of the process of this Invention, the starting mo- 
nomers used for polymerization are caprolactam or at least one dicarboxylic 
acid A selected from adipic acid, sebacic acid and terephthalic acid and at 
least one diamine selected from hexamethylenediamine and tetra-methylene- 
diamine, or dicarboxylic acid-diamine salts thereof. Caprolactam is particu- 
larly preferred. Dicarboxylic acid A Is particularly preferably adipic acid or 
terephthalic acid. Given the appropriate choice of starting monomers, the 
polymerization will lead to the preferred polyamides nylon 6, nylon 66, 
nylon 46 or nylon 610. 

In a preferred embodiment, the triacetonediamine compound is added to the 
starting monomers in an amount of from 0.03 to 0.8 mol%, preferably 
from 0.06 to 0.4 mol%. based on 1 mol of carboxamide groups of the 
polyamide. This statement of quantity relates for example to 1 mole of 
caprolactam when nylon 6 is to be prepared or to 0.5 mol of 66 salt when 
nylon 66 is to be prepared. It was found that amounts below 0.03 mol% 
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do not ensure sufficient stabilization, whereas amounts above 0.8 mol% 
«te k impossible to achieve the desired degree of polymerization owing 
to the regulating effect of the triacetonediamine compound. 

in a preferred embodiment of this invention, the triacetonediamine compound 
> combined with at least one customary chain regulator. Examples of 
stable chain regulators are monocarboxylic acid, such as acetic acid pro- 
pionic acid and benzoic acid. The chain regulator combination and the 
amounts used are se , e cted inter aJia according to the amino end group con- 
tent desired for the end product and according to the desired melt stability 
The amino end gr 0up content depends on the dyeability desired for the fila 
ments or fibers. The melt stability depends on the practical requirements of 
processing products, especially in relation to spinning. 

The nylon 6 (polycaprolactam) prepared by the process of this invention, as 
well as the triacetonediamine compound, preferably contains dicarboxylic 
acds B as chain regulators. More particularly, such nylon 6 products as 
well as possessing the requisite melt stability, the desired filament or fiber 
dyeability and good Ugh, and heat stability, also possess improved strength 
for the filaments obtained , espec . any filamenLs pnxiuced ^ 

spinning at very high rates of speed. 

The dicarboxylic acids B used as chain regulators in combination with the 
trtacetonediaxnine compound can be identical to or different from the dicarb- 
o*y« c acids used as dicarboxylic acid A. They are preferably seated from: 
C 4 -C 10 -a.kanedicarboxyllc acids, especially adipic acid, azelaic acid, sebacic 
ac,d and dodecanedioic acid; C 5 -C 8 -cyc.oa,kanedicarboxy.ic acids, especially 
cyclo-hexane-M-dicarboxylic acid; and aIso bam ^ and 
boxyhc acids, especially i SO phtha.ic acid, terephtha.ic acid and naphthalene- 
2.6-dicarboxyUc acid. The dicarboxylic acids B are preferably used ,„ an 
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amount of from 0.06 to 0.6 moI%. p refcrably from 0> , tQ Q 5 ^ ^ 
sed on 1 mol of carboxamide groups of the polyamide. 

In another preferred embodiment, the polymerization of the process of this 
•mention is carried out i„ the presence of at Ieast one pigmem 
Pigments are titanium dioxide or inorganic or organic coloring compounds 
The pigments are preferably added in an amount of from 0 to 5 parts by 
weight, especially from 0.02 t0 2 parts by ^ on ^ ^ ^ 

weight of polyamide. The pigments can be added to the reactor with the 
starting materials or separately therefrom. The use of the triacetonediamine 
compound (also a, chain regulator constituent) distinctly improves the light 
stability of the poiymer compared with a polymer comprising only pigment 
and containing no triacetonediamine. 

This invention also relates to the use of inherently light- and heat-stabilized 
polyamide of this invention for producing filaments, fibers or films. This in- 
vention further relates to a process for producing filaments based on polyca- 
prolactam by high-speed spinning at taJcecff speeds of at least 4000 m/min 
and to the filam ents thus obtained. In addition, this invention encompasses 
the use of filaments obtained according to this invention for producing fibers 
and fabrics and also the fibers and fabrics obtainable by this use. 

The Examples which follow illustrate the invention. 

General remarks concerning the Examples 

The relative viscosity of the polyamides (pellets and filaments) was deter- 
mined in l% str eng, h solution (, g/100 ml) ln concentrated sujftjric ^ 
(96% by weight) at 25'C. The end group content was determined by acidi- 
metrlc titration. The am,no end groups were titrated with perch.oroacetic 
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«cid i„ . ,„ 70:30 ^ by pheno , /ma|Mnol ^ m 

end group, were wilh pHmlua fa < 

benzyl alcohol. 

The level in the polyamides of the triacetonediamine compound and of any 
d.carboxylic acids can be determined by hydrolyzing a sample in dilute mi- 
neral acid and analyzing the hydroiyzate by customary methods, f or example 
by gas chromatography. 

The heat stabiHty of the po,yamide filaments was determined under condi- 
tions which substantially correspond to those of neat setting processes in 
subsequent treatment stages, for example heat setting of BCF (bulked con- 
tinuous filament) or tenter setting of textile fabrics. 5 g hanks of the drawn 
filaments were rapidly introduced on a holder together with the comparative 
samples into a through-circulation oven preheated to 185°C and left therein 
for 120 seconds from reattainment of the air temperature measured In direct 
sample vicinity. The sample was then immediately removed and cooled 
down in air at 20X room temperature. Filaments to be compared were 
treated together. 

The damage incurred (compared with an untreated sample of the same fila- 
ment) was determined through the decrease in the relative viscosity and the 
amino group content and the increase in the carboxyj group content. 

The absolute decrease in the basic groups is then converted into a percenta- 
ge decrease, based on the untreated yam sample, to arrive at a more useful 
figure for actual service. 

The ultimate extension was determined using an Uster Tensorapid I and a 
clamped length of 200 mm in the case of partially oriented yarn (POY) fi- 
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lament,, of 500 mm in the case of drawn and textured filaments. The fila- 
ment time-to-nmture was within the range 20±2 seconds. The pretending 
force was 0,025 cN/dtex in the case of POY and 0.05 cN/dtex in the case 
of drawn filaments. 

The tenacity R H was calculated according to the following equation: 

R H " Fh/TI. 

where F„ is the ultimate tensile strength fcN] and Tt v is the original Imear 
density [dtex]. The ultimate tensile strength value used was the largest value 
obtained in the ultimate extension measurements. 

The ultimate extension E„ was determined as the ratio of the length change 
AI at the mom ent of attainment of the ultimate tensile strength to the origi- 
nal length ly of the sample according to the following equation: 

Eh - 41 • 100%/i v 

where Al is the difference in the length of the sample at the time of appli- 
cation of the ultimate tensile strength, l M , and the original length |,. 

Representative Ewnpfr J 

The polymerization reactor used was a VK tube vertica. column reactor as 
described in EP 20946 composed of stainless steel, material No. 1 4541 
The VK mbe had an operating capacity of 340 1 and was heated with a 
heat transfer oil. 
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A mixture of 100 parts by weight of molten caprolactam, 0.5 part by 
weight of water and 0.33 part by weight of terephthalic acid was continu- 
ously introduced into the first reaction zone at the top of the VK tube at 
a rate of 41 kg/h with stirring. At the same time, triacetone-diamine was 
continuously fed as a separate stream into the first reaction zone of the VK 
tube at a rate of 55 ml/h. The concentration of triacetonediamine was ac- 
cordingly 0.087 mol%, and that of terephthalic acid 0.23 mol%, each based 
on 1 mol of caprolactam. The temperature of the first reaction /.one was 
266'C; the pressure in the vapor phase above the first reaction zone was 
1.5 bar absolute. The polycaprolactam was discharged from the VK tube ai 
the base thereof, converted into pellets, extracted with hot water and dried. 
The dried polymer had a relative viscosity of 2.70, an amino end group 
content of 39 meq/kg and a carboxyl end group content of 65 meq/kg. 

The product was spun at high speed as godet POY from jets having a hole 
diameter of 0.2 mm and a capillary length of 0.6 mm on an Ems-Inventa 
pilot spinning plant at a melt temperature of 275 'C and a rate of 23 g/min 
per jet. 

The speeds were 4520 m/min for the 1st duo, 4530 m/min for the 2nd duo 
and 4500 m/min for the Barmag Craft winder. 

Below the jet the filaments were cooled in a Barmag transverse flow quench 
box using a 20'C/65% relative humidity airstream having a velocity of 
0.4 m/sec. The filaments were spin finished with a commercial spin finish 
composition (Limanol E 100, from Schill & Seilacher, 0.65% add-on fila- 
ment) in the quench box via a metering pump and ceramic oilers. The POY 
had the following properties: ultimate extension 72%, tenacity 4.1 c N/dtex, 
Uster standard test U% « 0.6. 
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The filaments were then cold-drawn at 820 m/min on a Zinser 14 S draw- 
twist machine to a draw ratio of 1:1.363. The filaments thus obtained had 
an ultimate extension of 37%, a tenacity of 5.2 cN/dtex and an Uster uni- 
formity U% (standard test) of 0.7. The 12 filament yarns had a linear den- 
sity of 43.1 dtex. 

The relative viscosity was 2.70, the amino end group concentration was 35 
and the carboxyl end group concentration was 63 meq/kg. 

Comparative Example 1 

Commercial nylon 6 of relative viscosity 2.67 without triacetonediamine was 
spun under identical conditions as in Representative Example 1. The POY 
had the following properties: ultimate extension 73%, tenacity 4.0 cN/dtex. 
Uster standard test U % = 0.6. 

The yarn was then cold-drawn to a draw ratio of 1:1.336. The yams thus 
obtained had an ultimate extension of 43%, a tenacity of 4.8 cN/dtex and 
an Uster uniformity U % (standard test) of 0.5. The linear density of the 
12 filament yarns was 43.8 dtex. The relative viscosity was 2.66, the amino 
end group content was 32 meq/kg, and the carboxyl end group content was 
53 meq/kg. 

The yarns were subjected to a 120 s heat treatment in hot air at 185°C 
and showed the following values: 
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Table 1 





Representative Comparative 
Example 1 Example 1 


Relative viscosity untreated 
treated 

decrease 


2-70 2.66 
2.45 2.20 
-0.25 .0.46 


Amino end groups untreated 
(meq/kg) treated 
decrease 
decrease (%) 


35 32 
26 21 

"9 -11 
-26% .34% 


Carboxyl end untreated 
groups treated 
[(meq/kg) increase 


63 53 
67 71 

+4 +18 



„ ^ uiTcuuuii uecrease jess in relative 

viscosity and amino group content and increase less in carboxyl group con- 
tent m the heat treatment than the polyami d e of Comparative Example 1 
and thus possess better heat stabilization. 



Representative Evftmptr ? 



Capro.acUm ms ^ h to sam „ VR ^ ^ 

Example I ,„ the preser , cl! of o 38 m0)% ^ ^ q^o m „l% 

lulTT"""' 0 3 * by W " 8,M of wattr aod °- 3 * » "W* " *- 

ntum dtox.de (as dc lust eram>. The potrn-ri-Hoo „ carried ou, in to 

^ tt r a : a """""^ ° f 335,0 anj » «~ ™ 
ir tt pu ' 25 kg/h rhe procK " ,rc ws «- *■ 

dence w ' <» desert |„ Representative Example ,. The dried product 
had , reUuve vjscosilJ , of , J7 m m . m gronp comm ^ ^ 

and a carboxyl end „roup conlem of „ q Ke 
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produc, w. s me | tH) ,„ . b™, ^..^ Mlnider 
meu „ 270 . c ,„,„ . Bannag sp ^ 

hav„ llaiy M- 0. 2 0 » „ diraMer ^ QM ^ ta ^ «£ 
*«e 12 fc. SM „d 5 tavtag .„ ^ ^ lta>r P 
- up „ < JOO ^ After ^ ^ ^ ^ ^ 

«»« fa. of 040 ^ ^ spta Msttng ^ fron] o w io 

0.65% „, . commercla| ^ flni5h compoj . tIon (L . mMoi e ^ 

* ^i.cb=r , stten8th solul|00) ^ B|anKn( strandj ^ ^ 

head „«d an »u, Iy driven BamBg Craft ^ poy J 

^ «— 0' ««. - ««* Of 4.6 c N,d ta and . ^ shrinka . 



The POY WM a, 748 m / mi „ on , ^ driw 

mach™ The vam .ension ,„ pr ,, lre[ch „ 
draw ratio was 1:1.298. 

The drawn B „„e„, van* „ad an ultimatt mtmim of 36% . 

u % (standard test) of 0.7. 

The relative viscosity was found to be 2 41 the flmi « rt a 

* * tne aj ni"o end group content 

Camparai ive Rmipp iy ;> 

Om^y „ y , 0 „ 6 havln8 . reU(lve vlscosi(y of 2 ^ 
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Example 2. Cooling and spin finishing of the filaments were carried out as 
described above. The POY was wound up at 4500 m/min without godets. 
The POY had an ultimate extension of 62%. a tenacity of 4.2 cN/dtex and 
a boil-off shrinkage of 9%. 

The POY was cold-drawn as in Representative Example 2 to a total draw 
ratio of 1:1.279. The drawn fiJament yams had an ultimate extension of 
34%, a tenacity of 4.6 cN/dtex. a linear density of 43.6 dtex for 12 fila- 
ments and an Uster value U % (standard test) of 0.9. 

The relative viscosity of the yarn* was 2.41. the amino end group content 
was 25 meq/kg and the carboxyl end group content was 65 meq/kg. 

The yams were subjected to conditions corresponding to a textile tenter 
setting (183-C hot air. 120 sec) and the followmg properties were measu- 
red: 

Table 2 





Representative Comparative 
Example 2 Example 2 


Relative viscosity untreated 
treated 
decrease 


241 2.41 
2.28 I.g4 
-0.13 -0.57 


Amino end groups untreated 
(meq/kg) treated 
decrease 
decrease (%) 


42 25 
34 13 
-8 .12 
-19% -48% 


Carboxyl end untreated 
8 r <wps treated 
(meq/kg) increase 


74 65 

75 93 
+ 1 +28 
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Tabic 2 clearly shows that caprolactam polymerized to nylon 6 in the pre- 
sence of triacetonediamine has better heat stabilization than the nylon 6 of 
Comparative Example 2, which contains no triacetonediamine. 

Representative Example 3 

Polyamide prepared as In Representative Example 2 but without the addition 
of titanium dioxide was subjected to high-speed spinning in accordance with 
Representative Example 2. The POY had an ultimate extension of 64%, a 
tenacity of 4.7 cN/dtex and a boil-off shrinkage of 10%. 

The drawing was carried out under the conditions recited in Representative 
Example 2. Thereafter the drawn yarns had an ultimate extension of 37%, 
a tenacity of 5.4 cN/dtex, a boil-off shrinkage of 14%, an Uster uniformity 
U % (standard test) of 0.8 and a 12-filamem linear density of 44 dtex. 

The relative viscosity was 2.40. the amino end group content was 42 meq/- 
kg, and the carboxyl end group content was 74 meq/kg. 

Comparati ve F.xamnle 3A/3B 

2 types of commercial nylon 6 of relative viscosity 2.40 (3A) and 2.44 
(3B), respectively, were subjected to high-speed spinning in accordance with 
Representative Example 2. The spinning temperature was 275 'C, and the 
speed of the godet duos was 4510 m/min and 4520 m/mln. respectively. 

Table 3 



The POY had the following properties: 



2187821 



16 



O.Z. 0O.1Q/44S4O 



in 



Ultimate extension 
Tenacity 

Boil-off shrinkage 
Uster (standard test) U* 
12-filamcnt linear d^ fy 



Representative 
j femple 3A 



Representative 
Example 3B 




and had the data: 
Ultimate extension 
Tenacity 

Boil-off shrinkage 

m J?S (Standard test > U% 
13 I2-fllament linear density 



Relative viscosity 



Amino end groups 
(meq/leg) 



untreated 
treated 
decrease 



Carboxyl end 

groups 

(meq/kg) 




untreated 
treated 
decrease 
decrease 

(%) 



untreated 
treated 
increase 



" a J + 21 +13 

According to Table 3 n I 1 
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Representative Example 4 

Caprolactam was polymerized in the same VK tube as in Representative 
Example 1 in the presence of 0.55% by weight (0.375 mol%) of terephtha- 
lic acid, 0,33% by weight (0.239 mol%) of triacetonedlamlne, 0.5% by 
weight of water and 0.3% by weight of titanium dioxide. The polymeriza- 
tion was carried out in the first reaction zone at a temperature of 255 *C 
and at atmospheric pressure with a throughput of 25 kg/h. The procedure 
was otherwise in correspondence with that described in Representative 
Example 1. The dried product had a relative viscosity of 2.42, an amino 
end group content of 46 raeq/kg and a carboxyl end group content of 70 
meq/kg. The extrac tables content was 0.38%. 

This was followed by godettess spinning at 4500 m/min in accordance with 
Comparative Example 2, then cold-drawing to a draw ratio of 1:1.229 and 
warping at 600 m/min. 

The POY had a 12 filament linear density of 52 dtex, an ultimate extension 
of 59% and a tenacity of 4.1 cN/dtex. 

An average of 0.5 defects/ 100 1cm were found in the Elkometer test (gap 
size 45 /xm). 

The drawn yarn has an ultimate extension of 36% and a tenacity of 
4.3 cN/dtex. The 12 filament linear density was 46 dtex. 




Caprolactam was polymerized in the same VK tube as in Representative 
Example 4 in the presence of 0.53% by weight (0.361 mol%) of tercpht- 
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balic acid. 0.5% by w l 8 h, of water „„ 03% ^ welgl „ of ^ 
*• The polymeria WM cmled ta ^ flrj| ^ ^ i 

per*™ of 252-c. The procedure ™ othe ™ te in correspondence wiUl 
•hat de.cri.Kd h Rq,^,^ EMmple 4 ^ dried produc( ^ a 

> ve viscosity of 2.39. .„ amino end group comem Qf „ ^ ^ ^ ^ 
oxyi end group cont , m of „ ^ ^ o ^ 

50 k, of the above „y,„„ « chlpJ TCre wlih I65 of 

amine (TAD, (0.33* by weigh,) in , ioi)i( , forra „ y „ 
wheel mixer for 2 hours. 

The chip, accordingly romprisMj „. slIne ^ of WD ^ ^ 
com.i«d virtually „» saIM terephtha)te add conien| (m ^ ^ 

mer, « the above-descrlbed product 4; the two products were Identical „. 
cept for the manner of the addition of the TAD. 

The dnmunea-on TAD doe. not absorb comply i„,„ ^ chips . ^ „. 
main TAD-tnols, and have a ,„„ng rabc ^ propeny ^ ^ 

ta lMd,ln « ; ta ■*"*». ««, precautions are 

necessary, since TAD is corrosive. 

^, *" : SldenCe "~ viscosity increases 

m«,«,ly ,n 0* case of Comparative Example 4. Outer advances of R*. 
presentative Example 4 are the company smali change in I num ber 
of ammo gr „„p S „, jn me ^ ^ 

to, fummg ,„ the s piralcrc , regio „ durjng ^ v 
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Table 4 



Chemical data of free-fall filaments 





Rep. Ex. 4 


Comp. Ex. 4 


Relative viscosity 


2.48 ( + 0.06) 1 


2.24 (-0.15) 1 


End groups 
Amino (meg/kg) 
Carboxyl (meg/kg) 


43 (-3) 
67 (-3) 


54 (+27) 
88 (-4) 


Extract (%) 


1.4 ( + 1.0) 


1.8 (+ 1.5) 



1) Values in brackets: 



change compared with chips used; in the case 
of Comparative Example 4, compared with the 
base polymer without TAD. 



The spinning and further processing were carried out under the conditions 
recited in Representative Example 4. The POY had a 12 filament linear 
density of 52 dtex. an ultimate extension of 54% and a tenacity of 
3.8 cN/dtex. An average of 7.5 defects (nodules, broken filaments, 
loops)/ 100 km were found in the Elkometer test. 



After drawing, the ultimate extension was 35% and the tenacity 4.2 cN/- 
dtex. 



Table 5 





Rep. Ex. 4 


Comp. Ex. 4 


Broken filaments/ 
100 kg 


1.2 


4.0 


Elkometer test 
defects/ 100 km 


0.5 


7.5 
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Drawing defects/ 100 
kg 


1.8 


14.5 


Warping defects/ 100 
km | 


0.037 


> 0.65 



„, Uit jyriun 0 OI KepresenUtive Example 4 
according to the invention has lower defect numbers In ail processing stages 
than the „yl on 6 of Comparative Example 4, into which the TAD was in- 
corporated by mixing into the polyamide. 

10 

In Representative Example 4. TAD is more completely/strongly attached in 
the polyamide than in Comparative Example 4. Thus, less amine passes into 
the aqueous phase in extraction processes (in dyeings, for example). 

«s Following one hour extraction with boiling water under reflux of POY 
wound up without spin finish, the flowing chemical date were determined: 

Table 6 



20 



25 



30 





Rep. Ex. 4 


Comp. Ex. 4 


Rel. viscosity before extraction 
after extraction 
difference 


2.42 
2.49 

+0.07 


2.20 
2.26 
+ 0.06 


Amino end 

groups before extraction 
(meg/kg) after extraction 
difference 


42 
42 
±0 


55 
50 
-5 



, .a W11Iu ^ 4 ui ammo ena groups before and 
after extraction remains the same in the polyamide of this invention, where- 
as the comparative example has fewer amino end groups after extraction 
Thus, less amine passes into the aqueous phase on extraction of the polya- 
mide of this invention. 
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Comparative f?xampfr 5 

Commercial nylon 6 of relative viscosity 2.39. delustered with 0 3% titani- 
um dioxide and containing no triacetonediamir* was spun mto filaments in 
J the maimer described in Comparative Example 2. 

The POY had a 12 filament linear density of 51 dtex, an ultimate extension 
of 57% and a tenacity of 3.8 cN/dtex. After cold drawing to a draw ratio 
of 1:1.244, ,he values iisted below in Table 7 for the untreated sample 
to were determined. 

The irradiation and the measurement of the extension and ultimate 

tensile strength were carried out jointly with Representative Example 5. The 
results are listed in Table 7. 



15 



Representative r 7mv i* < 

Caprolactam was polymerized from the same starting materials and quantities 
under the conditions specified in Representative Example 4 using the same 
- titanium dioxide type as in Comparative Example 5. The dried polyamide 
had a relative viscosity of 2.43, an amino end group content of 44 meq/kg 
and a carboxyl end group content of 71 meq/kg. The extractables content 
was 0.36%. 

» Spinning was carried out godetlessly at 4500 m/min as described in Compa- 
rative Example 2. Tta. POY had a ,2 filament linear density of 51 dtex 
an ulhmate extension of 61% and a tenacity of 4.3 cN/dtex. 

After cold drawing to a draw ratio of 1:1.244. the values Usted below in 
3o Table 7 for the untreated sample were determined. 
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The yams were then wound on frames and irradiated for 28 days in a 
Xenotct 450 from Heracus, Hanau, and the residual ultimate extension and 
the residual ultimate tensile strength were determined in accordance with 
DIN 53834 using a damped length of 100 mm on a Zwick UPM 1425 ten- 
sile tester. The results are listed in Table 7. 

Table 7 





Rep. Ex. 5 


Comp. Ex. 5 


Untreated yams 

12-filament linear density (dtex) 
Ultimate extension (%) 
Ultimate tensile strength (cN) 
Tenacity 

(cN/dtex) 


44 

35 
199 
4.52 


44 
39 
196 
4.45 


After 28 days' Irradiation in Xenotest 
430 

Residual ultimate extension (%) 
(= % of original value) (%) 

Residual ultimate tensile (cN) 
strength 

(«• % of original value) (%) 


23 
(66) 
136 

(68) 


16 
(41) 
97 

(49) 



«« u , 4 „u.e , mat u* polyamide prepared in the presence of 
tnacetone<iiamine and TiQ 2 (Representative Example 5) has a distinctly im- 
proved light stabiMty compared with a comparative polymer (Comparative 
Example 5) including only TI0 2 and no triacetonediamine 
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5 We claim: 

1 . A process for preparing polyamides, which comprises effecting the 
polymerization of starting monomers in the presence of at least one 
triacetonediamine compound of the formula 

NH, 



10 



15 



CH 3 CH 3 
N 

CH 3 CH 3 
R 



where R is hydrogen or hydrocarbyl having from 1 to 20 carbon atoms, 
preferably alkyl having from 1 to 18 carbon atoms, or benzyl. 

2. A process as claimed in claim 1 , wherein the polymerization is further carried 
20 out in the presence of at least one pigment. 

3. Inherently light- and heat-stabilized polyamide containing an amine radical of 
the formula 

NH- 

25 CH 3 CH 3 

N 

CH 3 CH 3 
R 

30 where R is as defined in claim 1, chemically bonded to the polymer chain. 



- 2 - 

4. Polyamide as claimed in claim 3, comprising at least one pigment. 

5. Polyamide as claimed in claim 3 or 4, obtainable, especially obtained, by one 
of the processes for preparing polyamides claimed in any of claims 1 to 3. 

5 

6. Polyamide as claimed in any of claims 3 to 5, containing from 0.03 to 0.8 
mol%, preferably 0.06 to 0.4 mol%, of the amine radical, based on 1 mol of 
carboxamide groups of the polymer chain of the polyamide. 

1 0 7. The use of the polyamide of any of claims 3 to 6 for producing filaments, fibers 
or films. 

8. A process for producing filaments based on poly-caprolactam as set forth in 
any of claims 3 to 6 or obtained as claimed in claim 1 or 2 by high-speed 

1 5 spinning at takeoff speeds of at least 4000 m/min. 

9. Filaments obtained as claimed in claim 8. 

10. The use of the filaments obtained as claimed in claim 8 for producing fibers 
20 and fabrics. 



1 1 . Fibers and fabrics obtainable by the use of claim 1 0. 



